Abstract Cryptococcal meningitis is the most common cause of adult meningitis in Africa, yet neurocognitive outcomes are unknown. We investigated the incidence and predictors of neurologic impairment among cryptococcal survivors.
Introduction
HIV-related neurologic complications are a significant cause of global morbidity and mortality. Cryptococcal meningitis is the most common central nervous system (CNS) infection in persons with AIDS worldwide and the most common cause of meningitis in Sub-Saharan Africa (Durski et al. 2013; Jarvis et al. 2010; Park et al. 2009 ). Despite antiretroviral therapy (ART) availability, 6-month survival is <50 % in Africa (Kambugu et al. 2008; Park et al. 2009; Butler et al. 2012) .
Acute neurologic complications of cryptococcosis commonly include increased intracranial pressure and associated neuropathies (Kambugu et al. 2008; Bicanic et al. 2009a) . Less common manifestations include focal cryptococcomas, cerebrovascular accidents (Batista Leite et al. 2004) , optic Renee Donahue Carlson and Melissa A. Rolfes equally contributed to the manuscript.
neuropathy with blindness (Johnston et al. 1992; Claus and Portegies 1998) , and hearing loss (Kwartler et al. 1991) . After ART initiation, further neurologic morbidity can occur from immune reconstitution inflammatory syndrome (IRIS), a paradoxical immune-mediated recurrent aseptic meningitis (Haddow et al. 2010; Boulware et al. 2010) .
Long-term neurocognitive outcomes after cryptococcosis have not been well described. One study of 15 HIV/ cryptococcal survivors reported neurocognitive deficits in verbal fluency and psychomotor domains (Levine et al. 2008) . Whether the deficits represented acute or long-term sequelae is unclear. Case reports of reversible dementia in immunocompetent persons with cryptococcal meningitis suggest deficits could be transient (Ala et al. 2004; Hoffmann et al. 2009 ). To better characterize the incidence, severity of, and risk factors for neurocognitive disability, we assessed detailed neurocognitive function over 12 months following AIDS-related cryptococcal meningitis.
Methods

Participants
This prospective cohort study evaluated neurological outcomes on ART after meningitis as a nested sub-study of the Cryptococcal Optimal ART Timing (COAT) trial (clinicaltrials.gov: NCT01075152). Persons presenting with suspected meningitis to Mulago Hospital in Kampala, Uganda, from November 2010 until September 2013 had cryptococcal meningitis diagnosed by CSF quantitative culture and/ or CSF cryptococcal antigen (CRAG) (Immy, Norman, Oklahoma). Cryptococcal patients were eligible for enrollment if age ≥18 years, HIV-infected, ART-naïve, and receiving amphotericin-based therapy. Exclusion criteria were: ≥2 current or previous CNS infections or other neurologic diagnoses, prior cryptococcosis, receiving chemotherapy or immunosuppressants, pregnancy or breastfeeding, inability to follow up, or significant co-morbidities. From November 2010 to April 2012 patients were enrolled in the COAT trial and thereafter patients were enrolled in an observational study. Written informed consent for study participation was obtained. Ethics approval occurred from: Makerere University, University of Minnesota, and Uganda National Council of Science and Technology.
Antifungal and antiretroviral treatment
Cryptococcal therapy consisted of amphotericin B (0.7-1.0 mg/kg/day) combined with fluconazole 800 mg/day as induction therapy for 14 days. Thereafter, enhanced consolidation therapy began with fluconazole 800 mg/day for 3 weeks until CSF culture was sterile, followed by fluconazole 400 mg/day for 8 weeks, then fluconazole 200 mg/day secondary prophylaxis. Therapeutic lumbar punctures were performed routinely using manometers on day 1, 7, and 14 of induction therapy and additionally as needed for intracranial pressure control. Subjects enrolled in the COAT trial were randomized to initiate ART with efavirenz, zidovudine (AZT), and lamivudine (3TC) either at 7-11 days or 5 weeks after cryptococcal diagnosis. Timing of ART initiation was masked to investigators performing neurocognitive examinations. Subjects enrolled in the observational study, starting April 2012, initiated ART 5 weeks after cryptococcal diagnosis.
Clinical evaluation
Cryptococcal meningitis survivors had a "baseline" neurocognitive evaluation conducted approximately 1-month after diagnosis. Follow-up neurocognitive evaluations were performed at 3, 6, and 12 months. Earlier neurocognitive testing was not performed due to frequent delirium associated with meningitis. Two trained research assistants performed neurocognitive assessments in either English or Luganda.
A battery of neuropsychological tests evaluated eight neuropsychological domains. These tests have been previously validated in sub-Saharan African populations (Sacktor et al. 2005; Nakasujja et al. 2010) . The test battery included: World Health Organization-University of California-Los Angeles Auditory Verbal Learning Test (WHO-UCLA AVLT) (Maj et al. 1993) , Digit Span Forward and Backward, Semantic Verbal Fluency (Spreen and Strauss 1998) , Timed Gait , Grooved Pegboard (Klove 1963) , Finger Tapping (Reitan 1969) , Weschler Adult Intelligence Scale Symbol Digit (Wechsler 1981) , and Color Trails 1 and 2 (D' Elia et al. 1996) . Table 1 provides further test  details. Raw scores for each test were standardized to create age and education-adjusted z-scores using HIV-uninfected Ugandans as reference; z-scores above zero denote aboveaverage neurocognitive function, and scores below zero denote below-average neurocognitive function Sacktor et al. 2005) . A quantitative neurocognitive performance z-score (QNPZ-8), assessing global neurocognitive function, was calculated as the mean of eight individual z-scores, including Symbol Digit, WHO-UCLA AVLT immediate and delayed recall, Verbal Fluency, Color trails1 and 2, Finger Tapping and Grooved Pegboard (mean of each of the hands). Comparison data for HIV-infected Ugandans were available for the above tests with the exception of verbal fluency and finger tapping ); consequently, a QNPZ-6 score omitting these tests was also calculated. We defined "impaired" neurocognitive function as a z-score <-1 (i.e. one standard deviation (SD) below the HIV-negative population average) and "severe impairment" as a z-score <-2.
Subjects who started but did not complete a test due to visual difficulties, fatigue, or physical limitations were permitted to skip tests. Uncompleted tests were assigned values equal to the mean z-score for the cryptococcal cohort minus 2 standard deviations. Missed study visits were rare during follow-up at 3 months (n=4), 6 months (n=2), and 12 months (n=5).
The International HIV Dementia Scale (IHDS) and a measure for depression, the Center for Epidemiologic Studies Depression (CES-D) scale, were also administered to study participants (Sacktor et al. 2005; Myer et al. 2008; Kaharuza et al. 2006; Radloff 1977) . All clinical laboratory evaluations were performed onsite at a College of American Pathologists (CAP)-certified laboratory.
Comparison cohorts, HIV-infected and HIV-negative controls
We used for comparison neurocognitive evaluations from two previously described Ugandan cohorts of HIV-negative (n=100) individuals (Sacktor et al. 2005) and HIV-infected (n=110) individuals without known or past CNS opportunistic infections Sacktor et al. 2005) . A global score across six domains (QNPZ-6) was calculated for comparison with the HIV-infected cohort as finger tapping and verbal fluency were not assessed in the prior HIV-infected comparison cohort. The HIV-infected cohort included persons without known active or past CNS infection and with WHO Stage II (n=21), III (n=69), or IV (n=20) HIV, of whom 49 were receiving ART ).
Data analysis
Demographic and clinical characteristics were compared using Student's t-tests or Chi-square statistics. Mean z-scores were calculated for each neurocognitive test and for the total QNPZ-8 scores at each time point. Mean QNPZ-6 scores and mean z-scores for each neurocognitive test were compared between the two HIV-infected cohorts via Student's t-tests. To assess the intra-person change over time in the cryptococcal cohort, mean z-scores were compared using paired t-tests.
Longitudinal linear mixed effects regression assessed the QNPZ-8 score versus clinical parameters at meningitis diagnosis including Glasgow coma scale, Karnofsky score, CD4 count, plasma HIV RNA viral load, CSF white blood cell (WBC) count, CSF opening pressure, and quantitative CSF fungal culture. The mixed effects models included a random intercept for each subject, to account for intra-subject correlation, and were adjusted for the month of follow-up. Analysis for the effect of culture sterility at the end of amphotericin therapy on QNPZ-8 scores was performed with and without adjustment for baseline CSF fungal burden, CSF WBCs, CD4 count, and HIV viral load. Linear fixed effects regression 
Results
From November 2010 to September 2013, 78 participants with cryptococcal meningitis completed up to four follow-up neurocognitive exams over 12 months. Nine individuals died during follow-up, occurring after 1 month (n=5), after 3 months (n=3), and after 6 months (n=1) of follow-up. Baseline clinical and demographic characteristics of the cryptococcal survivors and reference cohorts are presented in Table 2 . Participants had advanced AIDS and severe cryptococcal disease as evidenced by low CD4 cell counts (median 13, Interquartile range: 6 to 44 cells/μL), high HIV viral loads, and high CSF quantitative cryptococcal cultures. At meningitis presentation, mean (±SD) CSF opening pressure was 301 (±140) mmH 2 O with mean quantitative cryptococcal culture of 4.3 (±1.6) log 10 CFU/mL of CSF. Among 39 participants with CSF opening pressures ≥250 mmH 2 O at diagnosis (57 % of 68 with opening pressures reported), 18 (46 %) had at least 2 additional therapeutic lumbar punctures (LP) and 17 (43 %) had one repeat LP in the first 7 days following meningitis diagnosis. Compared to the HIV-negative and HIV-infected non-meningitis subjects, the cryptococcal survivors were of similar age and level of education, but were more often male.
Neurocognitive function
Overall, 1 month after cryptococcal meningitis, 89 % (69/78) of survivors had an impaired global neurocognitive function score with QNPZ-8<-1, and 55 % (43/78) had severe impairment with QNPZ-8<-2. Average z-scores across study participants demonstrated neurocognitive impairment (z-score <-1) in each cognitive domain tested, except for one test of attention and working memory (Digit Span Forward mean (±SD) z-score = −0.7, (±1.0)) and verbal fluency (mean z-score = −1.0, (±0.6)).
Severe deficits (mean z-score <−2) were seen in tests of verbal learning, verbal memory, speed of information processing, executive function, motor speed, and fine and gross motor function (Table 3) . Compared with an HIV-infected cohort, cryptococcal survivors had significantly decreased QNPZ-6 scores (P<0.001, Fig. 1 ) with significant specific deficits in tests of all domains (all P<0.001, except for Digit Span Forward test P=0.008).
Scores for all domains were also significantly lower than the HIV-negative reference cohort (all P<0.001). One month after cryptococcal meningitis diagnosis, 93 % of the participants had IHDS score ≤10 suggestive of HIV dementia, while 73 % had a CES-D score >16 suggestive of depression symptomatology. After 3 months of follow-up, a significant improvement in neurocognitive function had occurred with the mean QNPZ-8 score increasing from −2.6 at 1 month to −1.4 at 3 months (P<0.001). Still, 59 % (41/69) of cryptococcal survivors had impaired neurocognitive function with QNPZ-8 scores <-1, and 25 % (17/69) had severe impairment (QNPZ-8<−2). Although there were persistent deficits at 3 months, neurocognitive function significantly improved in all cognitive domains tested, except tests of attention (compared with z-scores at 1 month, all P<0.01 except Digit Span Forward P= 0.21 and Digit Span Backward P=0.04).
By 6 months, cryptococcal survivors demonstrated additional improvement in nearly all neurocognitive domains. At 6 months, the majority of individuals (53 %) were within 1 standard deviation of the HIV-negative Ugandan population norms and the QNPZ-8 score improved from −1.4 to −.2 between 3 and 6 months (P=0.007). Global severe impairment (QNPZ-8<−2) was present in 22 % of individuals. Impairments persisted in tests of verbal learning, verbal memory and motor speed with mixed results for verbal learning, verbal memory, speed of information processing, and motor speed, and with severe impairment in executive and gross motor function.
Compared to the HIV-infected non-meningitis cohort, at 6 months there were residual deficits in tests of speed of information processing (symbol digit P<0.001), executive function (P<0.001) and gross motor function (P<0.001). Fine motor function had improved to HIV-negative population norms.
Overall, compared with the HIV-infected cohort, global neurocognitive impairment, as assessed by the QNPZ-6, was significantly worse among cryptococcal survivors at each evaluation: 1 month (P<0.001), 3 months (P<0.001), and 6 months (P=0.003). By 12 months after cryptococcal meningitis, among 64 subjects tested, only 41 % (26/64) had global neurocognitive impairment (QNPZ-8<-1) and 20 % (13/64) had severe impairment (QNPZ-8<−2). The mean QNPZ-6 was −1.0, and remained significantly lower than among the HIV-infected cohort (QNPZ-6 mean = −0.7, P=0.04). However, compared with assessments earlier after cryptococcal meningitis diagnosis, substantial improvement was observed over the first year of HIV and antifungal therapies. At 12 months, of the 8 domains tested, impairment (mean z-score <−1) persisted in executive function, motor speed, and gross motor function with severe impairment (mean z-score <−2) in executive and gross motor function.
Baseline predictors of future neurocognitive function
Initial clinical and laboratory characteristics at cryptococcal meningitis presentation were not associated with neurocognitive Figure 1 displays the neurocognitive function of cryptococcal meningitis survivors compared with an HIV-infected Ugandan cohort (n=110). The z-scores were normalized to an HIV-negative adult Ugandan population (n=100), adjusted for age and education (population average z-score=0). The summary quantitative neurocognitive performance z-score (QNPZ-6) was collected after cryptococcal diagnosis at 1 month (n=78), 3 months (n=69), 6 months (n=68), and 12 months (n= 64). The QNPZ-6 was composed of the average z-score of: grooved pegboard (mean of both hands), symbol digit, WHO-UCLA auditory verbal learning test (both immediate and delayed recall), and Color Trails 1 and 2. Each individual score is depicted by a dot and the black line depicts the median score for each group. Nine individuals (12 %) died during follow-up between 1 and 12 months function over the course of follow-up as assessed by QNPZ-8 scores including altered mental status (Glasgow Coma Scale < 15, P=0.21), Karnofsky score (P=0.15), CSF opening pressure (P=0.96), CSF WBC count (P=0.53), quantitative fungal CSF culture (P=0.47), pre-ART CD4 count (P=0.09), or pre-ART HIV RNA viral load (P=0.85). Also unassociated was day 14 CSF opening pressure (P=0.28). HIV RNA viral load at 3 and 6 months follow-up were unrelated to QNPZ-8 scores at the corresponding time points (3 months, P=0.59; 6 months, P= 0.77). At 3 months, there was no association between CD4 count and QNPZ-8 (P=0.74) and marginal association at 6 months (P=0.09); however, at 12 months higher CD4 counts were significantly associated with higher QNPZ-8 scores (0.03 points greater QNPZ-8 per 10-cell/μL CD4 increase, 95 % confidence interval (CI): 0.003, 0.05; P=0.02). Paradoxically, individuals with sterile CSF cultures at day 14 had significantly worse QNPZ-8 scores over 12 months than persons culturepositive after 14 days of amphotericin (adjusted P=0.003) (Fig. 2) .
The occurrence of suspected immune reconstitution inflammatory syndrome (IRIS) was uncommon. Only 7.7 % (6/78) of participants were diagnosed with probable IRIS during 6 months of follow-up after cryptococcal diagnosis. IRIS was not associated with lower QNPZ-8 scores at 6 months (P=0.77). Additionally, there was no difference in neurocognitive performance by timing of early vs. deferred ART initiation (at 1 month early ART (n=26), QNPZ-8= −2.57 (±1.41); deferred ART (n= 52), QNPZ-8 = −2.61 (±1.39); P=0.92).
Throughout follow-up, global QNPZ-8 scores were significantly associated with Karnofsky score at the same visit with each 10-point increase in Karnofsky score associated with a 0.5 point increase in QNPZ-8 score (95 % CI: 0.4, 0.6; P<0.001). Depression symptomatology was associated with worse neurocognitive performance; individuals with CES-D score >16 had a 0.7 lower QNPZ-8 score at any given visit (95 % CI: -1.0, -0.5; P<0.001).
Activities of daily living
Functionally at 1 month, 85 % (44/52) reported being unable to work, 19 % (10/53) reported being unable to track their own Fig. 2 Association of global neurocognitive outcome with CSF culture status at day 14 of amphotericin induction therapy. The figure displays the mean QNPZ-8 score over 12 months of follow-up stratified by CSF culture status after 14 days of amphotericin 0.7-1.0 mg/kg/day with fluconazole 800 mg/day induction therapy. Error bars represent 95 % confidence intervals. Individuals with a sterile CSF culture at day 14 (n= 25) had worse QNPZ-8 scores at any given visit over 12 months than individuals with a non-sterile CSF (n=21) at day 14 (P=0.002). Those with sterile cultures had worse outcomes (adjusted QNPZ-8 mean difference=−0.9, 95 % CI: −1.4 to −0.3; P=0.002) when adjusted for baseline CSF fungal burden, CSF WBC count, pre-ART CD4 and pre-ART HIV viral load in a linear regression model incorporating a random intercept for intra-person repeated measures. These results did not change when adjusted for ART timing (difference=−0.90; 95 % CI: −1.4 to −0.3; P= 0.002). The baseline fungal burden for those with a non-sterile day 14 CSF culture was a mean (±SD) of 4.8 (±1.2) log 10 CFU/mL of CSF and for those with a sterile day 14 CSF culture was 3.8 (±1.9) log 10 CFU/mL. Twenty-three individuals did not have a CSF culture results available after 14 days of amphotericin, and these individuals had QNPZ-8 scores similar to those with a negative culture. Among those with missing culture status at day 14, the QNPZ-8 mean (±SD) were at 1 month= −2.6 (±1.5), 3 months = −1.6 (±1.2), 6 months = −1.3 (±1.1), and 12 months=−1.6 (±1.2) medications. By 6 months, 24 % (16/66) reported inability to work, 5 % (3/66) reported decreased efficiency and difficulty maintaining focus at work, and 5 % (3/66) reported working with "a great deal of difficulty." Two individuals (3 % of 65 assessed) reported being unable to track their medications at the 6-month exam. By 12 months only 7 participants (of 62 assessed) indicated an inability to work. These individuals unable to work had lower QNPZ-8 scores (−2.1 (±1.5)) and were more likely to have depressive symptomatology (CES-D score >16 in 67 %) at the 12-month exam than individuals who were able to work (mean QNPZ-8 score = −0.8±0.1 and 9 % with depressive symptomatology; P=0.06 and P=0.003, respectively). At 12 months, one individual indicated being unable to independently track medications.
Discussion
HIV-infected Ugandans with cryptococcal meningitis had significantly worse neurocognitive performance in all cognitive domains and in gross motor function in the shortterm compared with HIV-infected and HIV-negative Ugandans without CNS infections. However, cryptococcal meningitis survivors demonstrated significant improvement over the first 12 months. With ongoing treatment, over half of cryptococcal survivors recovered to within one standard deviation of the reference HIV-negative population by 6 months, and the vast majority reported being able to work by 6 months. Cryptococcal meningitis survivors at 12 months however, had severe impairment in both executive and gross motor function as well as persistent impairment in motor speed, which was statistically worse than HIV-infected Ugandans without meningitis. All individuals received the same ART regimen, but at 1-month of follow-up there was no difference in neurocognitive function between those who received "early" ART beginning at 1-week after cryptococcal diagnosis, and those who started ART at the 1-month visit.
There was also no association with baseline fungal burden or initial severity of meningitis illness with long-term neurocognitive outcomes, except those with sterile cultures at 14 days had statistically worse global neurocognitive function than those with persistently positive C. neoformans cultures. This suggests that immune responses or amphotericin toxicity may possibly play a larger role in neurologic damage than the Cryptococcus organism. Amphotericin causes cellular activation via toll-like receptor (TLR) 2 and CD14 (Razonable et al. 2005; Sau et al. 2003) . TLR2 is present on microglia cells, and amphotericin activation of microglial cells can trigger interleukin (IL)-1beta, IL-6, and tumor necrosis factor-alpha (Motoyoshi et al. 2008) . We speculate that those who achieved greater uptake of amphotericin into the CNS may have sterilized their CSF faster (Bicanic et al. 2007 (Bicanic et al. , 2009b ; however, they also may have had more microglial cell activation and neuronal damage, manifesting as persistently worse neurocognitive performance.
Our study builds upon a cross-sectional study of 15 U.S. HIV/cryptococcal-infected patients compared with persons living with AIDS without cryptococcosis, which identified significantly worse global cognitive function (Levine et al. 2008 ). Specific deficits were described in verbal fluency and fine motor domains, but there were no deficits in abstraction/ executive function, as we identified in the current study. Factors possibly contributing to disparate results include study design, sample size, length of time from CNS infection, and patient population. The current study included a larger sample size, well-defined standardized management regimens, and evaluation of changes in neurocognitive performance over time. An additional strength of the current study is that cryptococcal survivors were compared with both HIV-infected and HIV-negative cohorts from the same region in Uganda, with similar demographics and cultural and socioeconomic backgrounds.
Prior literature suggests that, among individuals with HIVassociated neurocognitive disorder (HAND), deficits in neuropsychological tests were indicative of a >5-fold increased likelihood of dependence in performing instrumental activities of daily living, such as managing money and medications (Heaton et al. 2004 ). Poor executive function was also found to independently predict poor instrumental activities of daily living performance (Heaton et al. 2004 ). These patterns and our experience suggest that most cryptococcal meningitis survivors will require family/caregiver support, and this should be recognized in both linkage to care and in pre-ART counseling, as this impairment could increase the risk for HIV and meningitis treatment failure. The participants with cryptococcosis in the current study were counseled regarding treatment adherence, and the counseling extensively addressed finding and training appropriate caregivers prior to hospital discharge.
Factors other than cryptococcosis may influence neurocognitive function. Depression is also associated with mild cognitive impairment, and depression symptoms are common in HIV/AIDS populations. Our study found 73 % of cryptococcal survivors had depression symptomatology (CES-D score>16) at 1 month. This incidence is slightly higher than another study reporting CES-D>16 in 54 % of HIVinfected Ugandans without CNS infections initiating ART (Nakasujja et al. 2010) . Depressive symptoms are known to improve with ART (Nakasujja et al. 2010) , and our study found that the frequency of depressive symptoms declined to less than one-third at 3 and 6 months. Consequently, improvements in depression may account for some of the improvements observed in neurocognitive function.
Additionally, HAND, which is associated with lower CD4 nadir and is also known to improve with ART, may potentially confound some differences identified in this study (Ellis et al. 2011; Sacktor et al. 2006) . The HIV-infected non-meningitis control cohort had decreased frequency of WHO Clinical Stage IV HIV with 18 % having CD4<200 compared with 100 % of the cryptococcal-infected cohort (by definition). This may be associated with higher rates of HAND in the cryptococcal cohort. Whether the mechanism(s) leading to neurocognitive deficits after cryptococcal meningitis are related to that which causes HAND, attributable to cryptococcal infection, and/or treatment toxicity is unknown.
We acknowledge that "practice effects" may partially contribute to the improvement observed over 1 year of follow-up (Levine et al. 2004 ). However, the magnitude of neurocognitive improvement (mean ΔZ-score = +1.6 by 12 months) coupled with the overall clinical improvement, such as the ability to return to work, suggest that most individuals experienced real clinical improvement that was thus reflected in their neurocognitive testing.
Notably, among cryptococcal survivors, indicators of meningitis severity and risk of acute mortality, including altered mental status, increased intracranial pressure, and CSF fungal burden at diagnosis (Bicanic et al. 2009b; Graybill et al. 2000) , did not predict neurocognitive performance. Previous studies in HIV-negative individuals have also reported associations between Cryptococcus-related brain MRI changes and CSF fungal burden (i.e. CSF cryptococcal antigen titer) with neurocognitive deficits (Lu et al. 2011; Chen et al. 2012 ), though our data suggest that HIV-infected cryptococcal survivors with a high fungal burden on presentation do not necessarily have a worse prognosis for neurocognitive recovery. HIV viral load and CD4 count were also not predictive of the neurocognitive function through 6 months; however, all participants had very low CD4 counts initially. ART timing was not a significant confounder to these analyses, as the timing of ART therapy did not affect neurocognitive outcomes, and there was not a significant association with viral load. Higher CD4 counts at 12 months were, however, associated with improved neurocognitive function; further studies are necessary to delineate possible associations with HAND, which is also associated with CD4 T cell counts and improvement on ART (Sacktor et al. 2006; Robertson et al. 2004; .
Although predictors of long term outcome were limited, the overall prognosis of neurologic recovery is good, despite initial critical illness. This neurocognitive outcome information is useful for patients and physicians to be aware that substantial improvement does occur over time on ART, and long-term survival can be quite good (Butler et al. 2012 ).
In conclusion, short-term neurologic deficits followed cryptococcal meningitis. However, individuals improved significantly over time with residual neurocognitive deficits in executive function, motor speed, and gross motor function at 12 months. Initial clinical severity or fungal burden did not predict worse neurocognitive outcome; however, 2-week CSF culture sterility was paradoxically associated with worse neurocognitive outcome over 12 months. The CSF immune response and/or amphotericin toxicity should be further explored in future studies. Importantly, this study highlights the potential for return to a functional and independent lifestyle, with appropriate therapy, in most cryptococcal meningitis survivors despite severe cryptococcal infection and AIDS.
